statins decrease MDA levels and increase plasma glutathione levels, even though they decrease coenzyme q levels in the body. It was also shown that addition of Coenzyme Q10 at 100 mg/d enhances plasma glutathione levels and decreases plasma MDA level still further in patients who have CAD, already receiving high dose statin therapy. Conclusions: Addition of Coenzyme Q10 at 100 mg/d has an additive effect with high dose statins in decreasing oxidative stress. Particularly in light of the excellent tolerance and affordability of this natural physiological compound, supplemental Coenzyme Q10 may emerge as an attractive option in future, and merits evaluation in additional large studies.
 ABSTRACT: Background: Oxidative stress is one of the most potent inductors of endothelial dysfunction and is involved at all stages of atherosclerotic plaque evolution. Statins are 3hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors and are potent inhibitors of cholesterol biosynthesis. In clinical trials, statins are beneficial in the primary and secondary prevention of coronary heart disease. Statins also possess direct free radical scavenging activity. However, the prooxidant effect of statins has also been reported as statins block the mevalonate pathway and the synthesis coenzyme Q10.This Additional Coenzyme Q10 depletion by statins in patients with coronary artery disease (CAD) may be a critical issue as it may reduce absolute benefits of statins. Objectives: The purpose of this study was to investigate the effects of high dose statins on plasma Malondialdehyde (MDA) levels and plasma glutathione levels in CAD patients who underwent recent PCI and to study whether addition of coenzyme Q10 (100 mg/d) has any additional effect on plasma Malondialdehyde (MDA) levels and plasma glutathione levels in patients already receiving high dose statin therapy. Methods: Twenty-one consecutive patients who underwent percutaneous transluminal coronary angioplasty (PTCA)in Department of Cardiology at our institute were studied. The cases (n = 21) were given high dose statins for first 1 week and then coenzyme Q10 (100 md /day) is added for next 1 week.Plasma Malondialdehyde(MDA) levels and plasma glutathione levels were analyzed at the time of admission before giving statins and at the end of 1 week of statin therapy and again after 1 week of Co-Q therapy. Results: Our results indicate that a relation exists between high plasma Malondialdehyde (MDA) levels and low plasma glutathione levels with coronary artery disease. High dose

INTRODUCTION:
Coronary artery disease (CAD) is one of the leading causes of morbidity and mortality in developed countries and is emerging as an epidemic in developing countries [1] . It has been known that there was a relation between the levels of oxidative stress and the severity of the CAD [2] . Published studies have demonstrated that DNA damage that is incurred by oxidative stress contributes significantly to the development and the progression of atherosclerosis [3, 4] .
Lipid peroxidation, which is mediated by free radicals, is thought to be the major mechanism of cell damage. Free radicals are formed in both physiological and pathological conditions in mammalian tissues [5, 6] . The recent studies showed that Malondialdehyde (MDA) is an important marker of lipid peroxidation, hence it can be used as an indicator of the oxidative stress in tissue and cells. Previous data has shown that progression of atherosclerosis is correlated with oxidative stress and can be followed up by MDA measurements [7] .
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Cells have an efficient antioxidant defence system, mainly composed of the enzymes such as superoxide dismutase (SOD) and glutathione peroxidise (GPX).
Coenzyme Q10 (CoQ10) is an endogenously synthesized and diet-supplied lipid-soluble cofactor that functions in the mitochondrial inner membrane to transfer electrons from complexes I and II to complex III. In addition, its redox activity enables Coenzyme Q10 to act as a membrane antioxidant [8] .
Statins are 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors that reduce the risks of acute cardiac events and death .Although widely used for their lipid-lowering effects, statins are also reported to have anti-inflammatory effects [12] [13] [14] .
Statins also possess direct free radical scavenging activity. However, the prooxidant effect of statins has also been reported as statin block the mevalonate pathway and the synthesis CoQ10 [15] [16] [17] . Because of this additional Coenzyme Q10 depletion via statins in patients with CAD, it is difficult to predict the effect of high dose statins on lipid peroxidation and levels of antioxidant enzymes. For this reason, we determined serum MDA levels as the index of lipid peroxidation, the serum GPX as antioxidant enzymes in patients with CAD and analyzed how they respond to high dose statins alone and with a combination of high dose statin and CoQ10.
MATERIAL AND METHODS:
The study was conducted in the Department of Cardiology at our institute Hyderabad. The study started on October 2, 2015and ended on March 21, 2016. Twenty-one consecutive patients who admitted with a diagnosis of chronic stable angina or acute coronary syndromes who underwent percutaneous transluminal coronary angioplasty (PTCA) were recruited. The study was approved by the institutional review board. An informed written consent was obtained from the participants before recruiting them in the study. Major exclusion criteria included the use of any antioxidant medication within 30 days of the baseline visit, subjects with liver or renal diseases, or who have contraindication for high dose statins. Those patients who had acute or chronic inflammatory disorders, immunological diseases, and current neoplastic disease are also excluded. Baseline data were collected regarding age, sex, and conventional CAD risk factors (diabetes mellitus, hypertension, and smoking). Diagnosis and indication for PCI were recorded. All patients were subjected to undergo routine investigations including complete blood counts, blood sugar, liver function tests, lipid profile, blood urea, serum creatinine, and serum electrolytes. Electrocardiography (ECG) and transthoracic echocardiography [TTE] were performed for all patients. Additional 5 ml of venous blood was collected into EDTA bottles at the time of confirmed diagnosis before starting treatment on admission to the hospital for determination of plasma Malondialdehyde (MDA) levels and plasma glutathione levels which served as baseline levels in CAD patients. Eligible patients were advised to take high dose statins (Rosuvastatin 40 mg or Atorvastatin 80 mg) daily once and asked to return within one week. Serum samples were again obtained for determination of plasma Malondialdehyde (MDA) levels and plasma glutathione levels at the end of 1week.Then they are advised to take Coenzyme Q 10 100 mg daily once for 1 week and asked to come again after 1 week. Serum samples were once again taken for estimation of plasma Malondialdehyde (MDA) levels and plasma glutathione levels.All possible adverse effects were monitored from the start of the study at every visit. Compliance was tracked through medication logs. Use of concomitant medications was tracked at all visits.
For MDA estimation, Venous blood sample (5 ml) was collected into EDTA bottles.To 1.0 ml of plasma (test/control) standard (collected in a test tube), 1.0 ml of 30% trichloroacetic acid (TCA), 200 µl of 1% thiobarbituric acid (TBA) were added and vortexed for 30 sec. The test tubes were incubated at 85°C in a water bath for 1 hour. After incubation, the test tubes were immediately cooled by placing them in ice-cold water for 10 min, followed by centrifugation at 10,000 rpm for 5 min. 1.0 ml of clear supernatant was collected and transferred into a cuvette and the absorbance was read at 540 nm against blank using UV-Visible Spectrophotometer (UV-1601, Schimatzu). The concentration of MDA was read from standard calibration curve plotted using TEP. The results were expressed in nanomoles of MDA per ml of plasma. For estimation of plasma GSH activity levels, about 6.0mls of venous blood were obtained into EDTA bottles. To, 80 µl of plasma (test/control) /standard (collected in a test tube), 300 µl of dilution buffer, 100 µl of DTNB reagent, 1.6 ml of Acetonitrile were added and mixed well. Then the tubes were incubated at 37°C for 5 min followed by centrifugation at 3000 rpm for 5 min. 1.0 ml of clear supernatant was collected and transferred into a cuvette and the absorbance was measured at 412 nm against to blank by using UV-Visible Spectrophotometer (UV-1601, Schimatzu) (Ellman, 1959). Plasma Malondialdehyde (MDA) levels and Plasma Glutathione levels were analyzed and compared between cases and controls. Controls are those subjects who have normal coronaries on diagnostic angiography. A total of 34 subjects were taken as control. This study was conducted according to good clinical practice guidelines. All analyses were performed by the independent statistician after the study was terminated.
RESULTS:
Participants were enrolled in this trial between October 2, 2015, and March 21, 2016. A total of 21 patients enrolled into the study (Mean age 57.47± 8.45). Baseline characteristics are shown in Table 1 Plasma MDA levels were found to be significantly elevated in CAD cases (p<0.001) compared to controls (Figure 1 ). Plasma MDA levels were significantly decreased with high dose statin therapy compared to baseline values. Plasma MDA levels were significantly decreased with the addition of Co-Q compared to day 7 values. Similarly, there was a significant increase in GSH levels by statins compared to baseline as shown in Table 3 . Table 3 : Effect of statins on plasma MDA levels and plasma glutathione levels.
There was an increase in GSH levels with the addition of CoQ10, However, that was not statistically significant (shown in Table 4 , Fig 4 ) . 
DISCUSSION:
In this study, we demonstrated that Plasma MDA levels were found to be significantly elevated in CAD cases (p<0.001) compared to controls having normal coronaries on diagnostic angiography. Plasma MDA levels were significantly decreased with high dose statin therapy which were further decreased with addition of CoQ10 (100 mg/day). Plasma GSH activity was low in CAD cases compared to cohort of controls having normal coronaries on diagnostic angiography. Plasma GSH activity measured on day 7 and 15, there was an increase in GSH levels as compared to pre-treated CAD cases.
High oxidative stress and chronic inflammation are major contributors to the pathogenesis of CAD. Antioxidant enzymes such as SOD, CAT, and GPx are the first line of defence against reactive oxygen species [18] and a decrease in their activities contributes to the elevated oxidative stress in CAD patients [19] . Antioxidant enzymes (SOD, GPX) are compounds that dispose, scavenge, and suppress the formation of free radicals and oppose their actions. Plasma GSH activity, an oxidative stress inducible enzyme, plays a significant role in peroxyl scavenging mechanism, and in maintaining functional integration of the cell membranes. Alteration in the oxidant -antioxidant profile is known to occur in CAD [23, 24] . Observation studies proposed that oxidative dysfunction occurs in the pathogenesis of CAD and are consistent with the process of lipid peroxidation and oxidative DNA damage. Hence, CAD is considered to be a chronic inflammation status [25] .
In the present study, the lipid peroxidation product i.e. MDA levels have been increased significantly in plasma of the patients with coronary artery disease as compared to the controls. In our study, Statins decreased plasma MDA levels by 18 % and addition of coenzyme Q10 at 100 mg/d further decreased plasma MDA levels by 24%. Belch et al. showed that progression of atherosclerosis is correlated with oxidative stress and can be followed up by MDA measurements [27] .Results of the studies of Pezeshkianet al. showed that MDA levels increased significantly in heart diseases [28] . Some other investigates have also reported an increase of SOD, MDA and plasma GSH activity levels in patients with CAD (29) .The recent studies showed that Malondialdehyde (MDA) is an important marker of lipid peroxidation and progression of atherosclerosis is correlated with oxidative stress and can be followed up by MDA measurements [30] . Coenzyme Q10 is an endogenous antioxidant. It inhibits both the initiation and the propagation of lipid and protein oxidation. Statins block the mevalonate pathway and the synthesis of both cholesterol and Coenzyme Q10 [33, 34] . Additional Coenzyme Q10 depletion via statins in patients with CAD may be a critical issue and may at least theoretically have contributed to neutral outcomes of RTCs with statins in heart failure. Mabuchi et al. reported that serum levels of Coenzyme Q10 diminished during treatment with statin in patients with hypercholesterolemia [34] . The information about the association between oxidant-antioxidant balance and statin therapy is scarce. In the present study, we have found that plasma GSH enzyme activity was significantly lower in patients with CAD than controls. We have found that statins increased plasma GSH enzyme activity by 16 %, the addition of coenzyme Q10 at 100 mg/d further increased the activity of plasma GSH activity by8.5 %.However, Lee BJ, Huang YC et al. showed that coenzyme Q10 at a dose of 150 mg/d increased the activity of SOD by 22.2% and of CAT by 4.5%, but had no effect on that of Plasma GSH activity [31] . Tiano et al. [32] administered coenzyme Q10 (300 mg/d) to patients with ischemic heart disease for 1 month, and they observed that those patients' extracellular superoxide dismutase activity and endothelium-dependent vasodilatation were improved after supplementation. Coenzyme Q10 supplementation at 300 mg/ day significantly enhanced antioxidant enzymes activities and lowered inflammation in a study by Lee BJ et al [33] . Regarding the safety of coenzyme Q10 and its combination with statin therapy in the present study, there were no clinically significant changes in the subjects' vital signs, serum chemical values, or hematological values, and there were no serious adverse events and no withdrawals due to adverse events. Thus, coenzyme Q10 at a dose of 100 mg/d is safe for coadministration with statins therapy.
Study Limitations
Our study should be viewed in the context of certain limitations. This study was a small, single-centre study at a tertiary care hospital with short follow-up duration. The small number of patients included in the study might have influenced the results. Second, we do not WINCARS have data on the changes in serum Coenzyme Q levels without which it is very difficult to comment on effect statins on Coenzyme Q levels. We lacked cohort of the control group to compare above results. Therefore, further investigations using a larger sample size are necessary to confirm the present results.
CONCLUSIONS:
In summary, our results demonstrate that addition of Coenzyme Q10 to the patients taking high dose statin therapy is safe, well tolerated and has an additive effect as an antioxidant. 
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